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SUPPLEMENTARY NOTES
Final Grantee Technical Report 14. ABSTRACT: Over 300 new compounds were synthesized and characterized during this five year grant. Many new superconductors were discovered, most with transition temperatures (Tc) below 10K. One noteworthy discovery was the superconductivity found in Ca1-xLaxFe2As2 at ~48K, the highest known transition temperature in this class of materials. New techniques, such as sulfur flux growth and combinatorial thin film growth, were developed that will aid in the search for higher Tc and more practical superconductors in the future. Collaboration with the Smithsonian Museum was established to search for superconductivity in their collection of over 300,000 minerals. To date, about 50 compounds have been measured with one superconductor (Tc ~4K) found at high pressure. Superconductivity was found to be enhanced in a nanocrystalline composite of a known low-Tc superconductor (Sn) and a high dielectric constant insulator (STO or BTO). This is a promising new approach for the future search for higher Tc superconductors. Over 64 papers were published on the research supported by this award and many invited talks (~90) were given by the PI and others supported by this award. 
SUBJECT TERMS
Five-year Major Research Accomplishments (see prior annual reports for details)
1) At UMD, superconductivity in the 45-50K range was discovered in rare-earth(R) doped Ca 1-x R x Fe 2 As 2 crystals. This is the highest Tc found for these "122" compounds. Work is continuing to understand this higher Tc and how to possibly increase it.
2) At UMD, collaboration with the Smithsonian Museum was established to search for superconductivity in their collection of over 300,000 minerals. To date, about 50 compounds have been measured at UMD with one superconductor (Tc ~4K) found at very high pressure. With the acquisition of DURIP-supported equipment we will be able to carry out more rapid screening for superconductivity during the next few years.
3) At ISU, S-based fluxes were developed to enable the growth of S-based mineral compounds, which will be doped and/or put under pressure to see if superconductivity can be induced. There now is an active collaboration between ISU and UMD in the search for superconductivity in mineral compounds.
4) At UCSD, superconductivity was discovered below 10K in new layered LnO0.5F0.5BiS2 compounds, where Ln=La, Ce, Pr, Nd.
5) At UMD, combinatorial thin film spread methods were developed to search for new superconductors.
A new polycrystalline Fe-B material was found with a Tc around 5K. More work is needed to fully characterize this Fe-B material and to expand this "combi" technique to other potential superconducting systems.
Past year research
The most significant research done during the past year is summarized here. A list of 2013-14 invited talks is also given. The complete list of all publications from the 5-years of MURI support is provided in a separate file, which includes those from the past year.
Superconducting Metamaterials
A recent proposal (arXiv:1311.3277) that the metamaterial approach to dielectric response engineering may increase the critical temperature of a composite superconductor-dielectric metamaterial has been tested in experiments with compressed mixtures of tin and barium titanate (BTO) and strontium titanate(STO) nanoparticles of varying composition. An increase of the critical temperature of the order of 0.15 K(~5%) compared to bulk tin has been observed for 40% volume fraction of BTO and STO nanoparticles. No increase in Tc was observed for diamond/tin mixtures, which suggests that the larger dielectric constant of STO and BTO was playing a role in the enhanced Tc. Although this Tc increase is small it does suggest that this approach to finding higher Tc superconductors is worthy of further exploration. This work is submitted to Nature materials (see arXiv:1408.0704).
Iron-based Superconducting Materials
Pressure Synthesis of High Rare Earth Content Ca 1-x R x Fe 2 As 2 : A joint project in collaboration with the group of P. Canfield at Iowa State University focused on exploring the consequences of high percentage rare earth substitution (>25%) effects on the high-Tc superconducting state of this system. The project involved sending a graduate student (T. Drye) to ISU to assist in performing high-pressure synthesis of crystals under 6 GPa pressures and 1500C temperatures. This enabled us to synthesize crystals of Ca 1-x R x Fe 2 As 2 with R=Pr, La concentrations up to 40%, greatly exceeding that possible using conventional ambient pressure growth techniques and allowing us to extend the anomalous phase diagram of the rare earth-doped system to help in understanding the nature of the superconducting phase in the heavily overdoped regime. This work is under preparation for submission. With the future acquisition of DURIP-supported equipment to enable higher throughput screening of samples, we will be able to continue such work at a much higher rate of coverage. In conjunction, we have performed high-pressure transport and crystallography experiments in collaboration with J. Jeffries at LLNL on the mineral compound Sperrylite (PtAs2), revealing a superconducting transition near ~4 K at pressures exceeding 100 GPa. This work has motivated the search for similar compounds (eg. Krutovite, NiAs2) with similar effective unit cell as Sperrylite under pressure. Ongoing work is exploring chemical and pressure approaches to this, as well as searches of the SI mineral collection for related compounds. This work was recently highlighted in a news feature in Physics Today.
Separation of Antiferromagnetism and High-Temperature Superconductivity in Ca
Superconductivity in layered lanthanide oxygen bismuth sulfide compounds
Measurements of (T) between 1 K and 300 K at various pressures up to ~3 GPa were performed on the 
Combinatorial investigation of superconductors
This year we continued making combinatorial libraries of systems which are potentially superconductors. In particular, we are exploring BaSnO3 as the base system to look for new superconductors. Doped BaSnO3 is a transparent conductor, and by controlling the doping and using ionic liquid gating, we hope to push its carrier density beyond 10 21 /cm 3 and beyond. This is the typical carrier density range for other oxide superconductors such as cuprates. So far we have fabricated and measured a variety of doped (Asite and B-site) BaSnO3 composition spreads. Figure 1 is a summary of one spread where we made a continuous spread of (Ba,La)SnO3. X-ray (left bottom) shows that we have continuous change in lattice constant across the spread which indicates that we are able to carry out continuous substitution into BaSnO3. Fig. 1 summary of (Ba,La)SnO3 spread
We have found that low La doping gives rise to good conductivity. The table on the bottom right shows the resistance at different positions on the spread at room temperature. This result is consistent with previous bulk studies on this compound. Other spreads we have studied include Ba(Sn,Sb)O3, Ba(Bi,Sb)O3. We note that when we fabricated a Ba(Pb,Bi)O3 composition spread, superconductovity was observed at the correct composition range indicating that the overall method of our technique is sound.
Using the highest conductivity composition (6% La doped BaSnO3), we have fabricated a ionic liquid gating device to further modulate the carrier density using a 33 nm thick film. Figure 2 shows the result of this experiment. 
